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ABSTRACT ^ ^ , 

A pilot study and two formal studies were conaucted 

with educable mentally handicapped (EMR) children to develop 
materials and procedures suitable for stiiaying schema learning in 
EBBS and to demonstrate schema learning in EMBs in the absence of 
external guidance. The pilot and formal study I were conducted to 
develop suitable populations of stimuli conducive to minimal 
performance, allowing improvement room without arousing frustration. 
The Ss reproduced checkerboard patterns having 16, 20, 25, 30, and 36 
cells, respectively. It was found that Ss performed above chance on 
saatrices with 36 cells, cell number retained by Ss was not 
s igtixf ica nt ly affected by total number of ceils within patterns, and 
visual channel capacity might be related to verbal components of 
Intelligence, Formal study II was conducted to determine if EMHs were 
capable of schema concept learning using stimuli patterns from both 
pilot and first formal study. One group reproduced schema patterned 
checkerboards, while another group reproduced nonschematic patterns. 
Results indicated that EMRs were capable of schema concept learning 
without either prototype exposure or external feedback, (CB) 
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INTRODUCTION 



The conception of information as a measurable phenomerion has opened 
many avenues of research into man’s mental functioning* Wiener’s 
Cyb ernetic s (l94S) and subsequent articles by Shannon (1951 ), Miller 
(1953)} and others all have in oornraon the Idea that we can learn much 
about human thinking and problem solving by viewing man ea a producer, 
transmitter, and user of information. 

Humans can be conceived as playing a variety of roles in a eom- 
mimicatlon system, V/e learn somethins different about h\imns with each 
dlffex’ent role wa analyiio. Obviously, the analysis of some i‘Oies la 
more revealing than others. It is of especial importance to understand 
how a human functions as an information channel. 

Consider a subject who views a visual pattern projected onto a 
screen and then reproduces it from memory on a piece of paper. In this 
case the subject serves as a channel through which inforJDation contained 
in the pattern passes from the screen to the paper (Evans, 1967b), In 
this sense, the subject is not only a channel, but also an encoder and 
decoder • 

Channel capacity is perhaps the weakest link in the information 
processing chain. In contrast to other features of the information sys- 
tera, ciiannel capacity probably cannot be direct], y increased. Hxxnan 
channel capacity is limited physiologically, Fiu’thermore , the channel 
is usually overloaded due to the fact that humans receive far more in- 
formation than they can possibly process. To add to the difficulties, 
humans tend to process a great deal of useless Informaticn, It can be 
seen, therefore, that a retardate, handicapped by a limited channel 
capacity, can profit from remedial training only to the extent that he 
can be taught to utilize his available channel capacity more economical- 
ly. In turn, this can be accomplished only by improving his encoding 
and/or decoding habits. 

Is there an encoding principle that will enable retardates to 
utilize their channel capacity more economically? An encoding principle 
that shows great proiaise was suggested by Wood^t.i'orth (1933) and has been 
further developed by Oldfield (1954), Attneave (1957), and others. This 
principle has been called '’schema plus correction" encoding. Basically, 
this principle holds that subjects can abstract the common, redundant 
features (the schema) of a class of stimuli. Once this has been done, 
specific stimuli can be encoded by identifying the olasB-sohema and by 
then attending to those features that distinguish the specific stimulus 
from the class In general. 

An often used example of how this encoding principle operates is 
as follovjs} If an American were to travel to the Orient, he would, at 
first, have great difficulty in distinguishing betv/een individixal 
Orientals, It would be especially difficxj.t for him to recall what a 
speelflo Oriental looked like. One reason for this difficulty is that 
the American does not yet realise that cuss that are useftil in identifying 



Amoricans (hair color, eye color, heirhts, etc.) 6re usoleno in loeJiti^y- 
inn Orientals. Thus, he way erroneously attempt to rene;nher a particular 
Oriental by noting that the Oriental hr.r black hair, brown eyes , and ie 
short. Soon, hov/ever, he discovers that nearly all Orientals have these 
characteristics. He then searches for features that are not shared by 
all Orientals and avontuallj' diacovern sone. He can then effic^enuly 
encode an Oriental's features by noting (1) that he is Oriental, and 
(2) that unlike, most Crientras, he has a long nose, a scar on his right 
cheek, etc. Ho is then able to utilize efficiently his limited channel 
capacity by retoining the label of the class to which the person belongs 
(Oraeatal) and the few distinctive characteristics. If, at a later date, 
he were required to reproduce a likeness of the person, he could repro- 
duce a great deal of the person's features merely by recalling that the 
porson was an Oriental, He would, for oc-ample, be able to reproduce a 
short man with black hair, brown eyes, etc. In addition, the fev/ dis-^ 
tinctive features could then be added, allowing the person to be identi- 
fied. 



In order to use the "schema plus correction" principle, it is first 
necessary for the schema to bs abstracted . The process of schema ab- 
straction, in turn, leads to "Sehematic Concept formation" (oCF). SCF 
can best be understood by comparing it with traditional concept forma- 
tion. 



Traditional concept formation ocours when the subjects are trained 
to detect and respond to features that are invariant (unchanging) in 
each stimulus in a set of stimuli. The features the subject is to learn 
are nearly always arbitrarily selected by the trainer, and are usually 
features that the subject woiild not abstract in the abaenee of exter- 
nal re inforce rcent or feedback. As noted by Evans (1967a), traditional 
concept formation requires that the subject be guided by some form of 



external feedback provided bj 
the concept* 



trainer who already has knowledge of 



' In contrast, SCP involves the abstraction of probabilistic featm-es 
of stimuli. No single stimulus necessarily follows the schema in all 
respects and no single featvire of the scheirtfi will necessarily be repre- 
sented in all stimuli (Evans, 1967a). Unlike traditional concept forma- 
tion, SCF occurs merely on the basis of abstracting information con- 
tained in the stimuli themselves, without exposure to the schema pro to- 
tyns (Edmonds and I-aieller, 1967a)| Edmonds, liueller, & Evans, 1966), 
and without knowledge of results or other external feedback (Edmonds & 
Evans, 1966a, 1966b ^ Edmonds & Mueller, 1967a, 1967b| Edmonds, meller, 

& Evans, 1966)* In order for SCF to ocgui*, the scheiiia must^not be piiie-- 
ly arbitrary, Tlie schema must be such a defining feature o;; the set of 
stimuli that the subject detects and responds to it in a more or ^.ess 
"spontaneous" fashion. 



Unfortunately, even norma, 1 subjecta do not always attend to the 
schema and nearly all subjects show considerable room for iprovement 
in SCF. The question is, can subjects be taught to attend to scheiData 
and having learned to abstract schemata, can they apply this encoding 
principlG^to new problems without further prompting from their teacher 



s? 
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One possible approach is based on Harlow’s learning set method 
(Hsa-rl rvij, 1949) y by which subjects ’’learn how to learn,*' Tliis method 
involves giving subjects a number of tasks ^ all of which involve the 
same general problem-solving principle. Using this approach, it has 
been foru,i that subjects tend to abstract the general problsm-solving 
principle and apply it when given new problems. ’’learning how to learn' 
has been demonstrated with mental retardates (e.g,, de Hann & V/ischner, 
1963 , euc.), and even animals (e.g,, Harlow, 1949, etc,). Unfortunately, 
none of these studies has used schematic tasks. 

More recently, Edmonds , Evans, & Mueller, (1966) have developed 
evidence which indicates that at least college students can 'learn how 
to learn” schemata. After the subjects had abstracted one schema, they 
were given a second schema to abstract, and so on unt3.1 they had ab- 
stracted a total of foiiT different schemata. It was found that they 
showed a striking improvement In the speed and accure.cy of abstracting 
schemata as they learned the successive schemata. _ According to Edmonds, 
et al, the subjects were learning a general principle; that patternB ^ 
can be best memorized by abstracting and using the schema that the pat- 
t^rns contain. 

If mental retardates are also capable of ‘^learning how to laarn** 
Bchemata, then a powerful habilltation method will be feasible. Of all 
the General problem-solviiig principles that inental retardates oou d 
learn, t; ^ general schematic encoding principle would have far greater 
usefulness because it would allow the retardate to process a great deal 
of important information despite a very limited channel capacity. Fur- 
thermore, little or no linguistic ability is required for SCF to occur, 
as evidenced by the fact that most subjects are unable to verbalize what 
they have learned even when they have suc-cessfiaiy abstracted a schem 
(Edmonds & Evans, 1966b), Of even more importance, once the retardate 
has become proficient in SCF, and has developed a haoit of using schemata, 
there is the additional benefit that he can then engage in SCF in his 
everyday interaction with his environment, even in the absence of a 
teacher. The applicability of this method to normal children is obvious. 

Although there has been considerable research dealing with tra- 
ditional concept formation in retardates (e.g.. House & Zeaman, 19o0j 
Iseoe & Semler, 1964j de Hann & V/ischner, 1963, etc,), there has been 
no study whi-ch demonstrates SCF in retardates. There is, hov;ever, in- 
direct evidence that provides at least a hint at what might be expected. 

In a study using chimpanzees, Kelleher (1958), foiaid the subjects 
cai^jable of detecting redundant features in a series of oheckerboiird 
pattrns. Since chimpanzees are probably more limited in channel 
eapaotty than most mildly retarded subjects, this suggests that mildly 
retarded humans should be able to detect schemata In checkerboard pt- 
terns, Hov/over, this must be determined through exparlmentatlon with 
schema learning prooediires, since Kelleher 's chimpanzees received ex- 
ternal reinforcement for correct responding. 

Working with human retardates. Spitz ( 1964 ) found that his subjects 
eoiild reproduce dot patterns in a 3 x 4 cheekerboaM form. Although the 
patterns differed in symmetry, no schema was used in constructing these 
patterns, Munsinger (1967) had children (and adults) reproduce 8 x a 



sheckoi’board pa.t'bsrns which were feitlisr i*a.ndOiS or r©d.u^dtinb (&ch©2ii9.'bic) # 

;{e found that second and sixth-grade children were able to reproduce 
these patterns. Furthenrore, these subjects were more proficient in re- 
producing the redundant patterns than the random patterns « This indicates 
that the subjects were learning and using the schema* 



Since the intellectual capacity of mildly retarded subjects is 
roughly equivalent to that of norml second-grade children such as those 
In Hunsinger’s study (Hobinson &. Robinsonj 1965), I'tunsinger’s study sug- 
gests that mildly retarded subjects should also be capable of SCF if 
similar patt'srns were to be employed. However, it should be noted that 
"intellectual capacity" as commonly measured, may have little to do with 
visual channel capacity. 



It is nob diffievat to envision nn o^rtenslvc research program con- 



cerning SCP in retardates. The present project, however, involved a 
cautious first step, beginning with mildly retarded subjects, and was 
designed jnerely to determine whether these subjects are capable of SCF 
wlth*stimuli requiring very little channel capacity. If SCF is possible 
(jith these subjects, then future effort can be made to deteriuine whether 
■^hey can also develop the habit of using the schematic enoodxiig principle 
when faced with new encoding problems. 



Accomplishing the objectives of the proposal involved two steps. 
First, a suitable population of stimuli was developed, making certain 
that the subjects were capable of at least mlniTnal perforinanc:® , The 
informc>.tion contained in the stimuli was tested imtil a level of dif- 
ficulty was found which was not frustrating to the subjecos, ysu was 
difficult enough to leave room for improvement in their performance. 

The simple, straight-forward experimental stimulus that was used was 
a ayimTietrical checkei-board pattern, similar to those amployed by Spitz 
( 1964 ), and Munsinger (1967), described earlier. 

The second step in the project was to determinG whether mildly 
retarded subjects were capable of SCF when these patterns are employed. 
This step involved having one group of subjeets reproduce checkerboard 
pat-terns that contain a schema, while another group reproduced nonsehe- 
matlc patterns. If the performance of the subjoets that reproduce the 
scheraatlc patterns is -significantly superior to the performance of the 
other subjects, it vould indicate that mildly retarded subjects are 
capable of S0F« 
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M-'.-l'HOD AND RSSULT3 



Pilot Study 

Purpose , Before an investigation oi’ SCF in inilcUy retarded sub- 
jects eould be undertaken, a set of patterns must first be selected 
which mildly rotarded subjects will be capabls of reproducrng from 
memory. Therefore, in the pilot study, retarded subjects attempted 
to reproduce checkerboard patterns that differed in the amount of in- 
formation they contained. Patterns were selected which contained the 
greatest amo‘ant of information that the subjects were capable of re- 
producing from meiiiory, Becauaa only a limited number of retarded sub- 
jects v;ere available for the. formal study, the pilot study u.snd sub- 
jects with IQ^a below and above the mild retardate range. 

Sub i acts . Fifteen experimentally naive patients at Hillerest 
School, Hawley, Pennsylvania, served as subjects in the pilot st^y. 
Hillerest School is a priv-' te residential facility for the interim 
care of mentally retarded male children. The school generally cares 
for approxliaately 100 children, I'fost of the children are classified 
by the Pennsylvania Departjnont of Public VJelfar© as dependent and neg- 
lected children. The cnildren's ages range from about 8 to 17 years. 

They are all ambulntory, toilet trained, and have no major physical 
handicaps. The racial coraiiosition of the school is roughly one half 
caucasion and one half negro. Habilitation programs are conducted at 
the school for the trainable and educable children. Nearly all of the 
children are at the second-grade achieveraent level. 

The IQ's of the suhjacts in the pilot study ranged from 42 to 51 
and from 68 to 79 as measured by an individual intelligence test ad- 
ministered no mors than one year prior to the study. Children were ex- 
cliided from the study if they had a physical or sensory handicap which 
would significantly interfere with their performance in the study. ^ Those 
children who qualified to sei-ve as subjects were then assigned individual 
nuinbers grid a table of random numbers was used in selecting the children 
who served as subjects in the study# 

Materials^ SyiiunetriQal checkerboard patterns of varying oomplexitv 
(containing 4, 6, 9, 12, and 16 cells) were printed on cards. Five dif- 
ferent cards of each level of complexity were prepared, making a total 
of 25 cards. Each square was 5/8» x 5/8'‘, Approximately half of the 
cells in each niatrix contained black circles and the othsr half were 
empty. Whether a specific cell was filled or empty was randomly deter- 
mined, with a fixed probability of l/2 of being filled and 1/2 of being 
empty. In information terms, each cell contained one bit of information, 
and the total information contained in a matrix was equal to the number 
of cells within the matrix. Thus the information on the cards ranged 
from 4 bits to 16 bits. 

Task and "-oeedure . The subjects were trained individually. Each 
subject received the 25 cards in the same order of presentation, begin- 
ning with the simplest (2x2) matrices and continuing to the most complex 
(4x4). The following instructions were read to each subject? 



'*I*m poing to show you soii^e checkerboards, one at a 
"I want you to look at the checkerboard and try to remember 
wheie each of the black circles is placed. V/hexi i i.ake 
board away, I want you to take your pen and_ put circles in tne cnecker- 
board on your paner wherever there are circles in tne cneckerooard 

I-ll give y=u plenty of tije to mke yonr chooker- 
board like mine, if you aren’t sure, go ahead ana guess. Do you 
have any questiona?^^ 

Each subiect was then shown an example, consisting of a 2 x 2 
matrix with the top two cells containing circles , If the su^Occ m cor- 
rectly reproduced this example pattern ha was then given the 25 patterns. 

If he made ^ error on the example pattern, or seemed mable .o respond, 
he was told of his error and the instructions were reaa again, ii ne 
repeated his error, he was removed from the study. 

The subiect was shown each card for 15 seconds before it was ra- 
moved knd then he was allowed 30 seconds in which to reproduce -she ^ 
natterns by drawing circles in the appropriate squares on a separate ^ 
Leet of paper on which the matrix was printed. Although encowagenienu 
was given, no knowledge of results was provided during the task. 

Results. Four of the 15 subjects were unable to follow instructions. 
These“SSJiSts filled in every square of the example pattern,^ nven when 
told of their error, and when given an additional practice '^irial, tnese 
subjects were still^xnable to perform. All four of these subjects had 

below 46# 

The 11 subjects that were able to follow instruotions performed 
well above chance on all of the patterns. In fact, even sn the most 
complex (4 X 4) patterns, they performed au 49.2^ above chance. 

It was concluded that 4x4 patterns are not sufficiently difficult 

for the purposes of the project. It was also f J 

within the IQ range (52 to 67) that had bean selected for the forml 

stidy should be cipable of following instructions and completing the 

task. 

Formal Study I 

PurcQgQ . The purpose of Formal Study I was the same as in the 



Su bleots . Thirty experimentally naive patients at Hillcrest 
served as subjects. Although these were not the same subjects as 
nllot study they were selected in the same manner. Each subject was 
SisiiliS as Sldly retarded (IQ between 52 and 67) on the of an 

individual intelligence test administered no more than - 

the study. The subjects* mean IQ was 58,7, with a standard devia 

5.0. 

i-faterials. Checkerboard pattarne were eonstructed in the _ same mn- 
aer as those 5sed in the pilot study except ^^at the complexities w^e 
4 X 4 4 X 5# 5x5, 5 x 6, and 6x6 (containing l6, 20, 25, 30, and 

.r 



I. 





36 cells, respectively). 

Task and Procedure . The subjects were trained in the same manner 
as in the pilot study, “except that the 25 cards were randomly ordered 
for each subject such that no two subjects reeelved^ the cards in the 
same order. 

Results . The dependent variable was the percentage of cells cor- 
rectly reproduced, employing the following formula that Includes a cor- 
rection for guessings 

Cells Correct - Cells Incorrect 
lOte: ' Total Cells 



O 
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As indicated in Figure 1, performance was quite good (50.09%) 
on the 4x4 matrices, but became progressively poorer on the more com- 
plax matrices* Nevertheless, the subjects as a group performed 22,1^ 
above chance even on the 6x6 matrices (binomial approximation of the 
normal distribution, z = 2.65, P < .005). A repeated mepures 
of variance wa.s performed. Ihe effect of matrix complexity was hig y 
significant (F — 31.75, df = 4/1I6, p < .005). 

An analysis was also performed using as the dependent variable the 
number of cells correctly reproduced, correcting for guessing (sub-_ 
tracting the number of incorrectly reproduced cells from the number of 
correctly reproduced cells). Using this depondent variable, the effect 
of pattern complexity was not significant (P <^1.C0), The resiilts of 
this analysis indicated that the subjects retained a fairly constari 
number of cells from each pattern. Tlius, although there was a decreasq 
in the percentage of cells correctly reproduced as the matrix eomplexxoy 
increased, the number of cells correctly reprodueed remsiined at about 8 
squares per pattern regardless of the matrix complexity (See Figure 2), 



It appears that the subjects were attempting to retain a given num- 
ber of cells, regardless of the total number of cells in each matrix. 

It was of interest to determine the degree of relationship between 
IQ and performance on the task. In order to increase the range of IQ s 
and to make use of data from both studies, only performance on uhe 4x4 
inatrices was used. Tliese were the only patterns that were reproduced in 
both studies.' The correlation between IQ and total number of cells cor- 
rectly reproduced in the 4^4' patterns was signixicaut — *53# 

39, p < .005). 

Twenty-four of the aubjects had been administered the Wechsler In- 
telligence Seale for Children (WISO) which provides a Verbal score and 
Performaace score as well as the Full Seale IQ. The correlation between 
Verbal score and total namber of cells from the 4x4 matrices t.^at 
correctly reproduced was significant (r - .43, df = 22, p < . 
ever, the correlation between Performance score and total number ol ce±±s 
correctly reproduced was not significant (r = .17, df = 22, p > .0^;. 
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CELLS PEB PATTEEN 

FIGUBE #1, Percent of cells correctly reproduced as a 
function of the complexity of the patterns being reproduced. 
Bach data point represents the average of thirty subjects. 
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HUMBER CELLS CORRECT 
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36 



CELLS PER PATTERN 



iPTOTmE #2 NumbsK' of cells correctly reproduced as a 
funS5of k Se complexity of tbe patterns being repro 

dSoea^ Each data point represents the average of thirty 

subjects. 
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Formal Study II 

PurnoRe. Formal Study II employed the patterns f f 

StudvT* in an attemnt to determine if ni3dly retarded bubject P 

i utilizing a schema contained in the patterns. 

If ?hf are ^aoable of doinR this vithout exposure to the aohem 

proS?/pe?;nd without' external feedbaol, ^ f 

capable Of SCP. In turn, if they are capable of SCF, they snou±a 
be capable of "learning hovr to learn" schemata* 

Subjects. 40 ejtperlmentally naive patients served as subjects. 
Although these were not the same subjects as t tose w o ^ 

other studies, they were selected in the same manner. The subjects 
were randoiray assigned to two groups of 20 subjects. 

Materials. The materials were the same as in Formal Study^ I, ^ex- 
_-_+“that 'HI matrices were 6 x 6, and each subject received 20 pat- 
terns The cards presented to the Experimental group were constructed 

af follows! one prototype checkerboard pattern was 
. n • u A ^ FT cells fiilecl with, circles snd half einpty* 

All of the other'^pat terns consisted of variants of the pr^ot^e. These 
vari^ntfSere proceed by establishing a probability of .97 that each 
ISl ?n tS Ltrix would^ave the same value 

cLresponding square in the prototype. The probability was .03 that it 
SoSd have the opposite value. The redundancy level for this set of 
woiU-d na dnd The Control group received patterns 

patterns was approximately 80^,. Ihe Uonuroi hroup cq- being 

L which tb. probability 5 -2 “I 

to the Ooutcl group wore etched 

patterns in terms of the number of filled and unfilled cells, 

Ihok and Procedure . The aubjecta were ‘rained individually, in the 

same"^ne”as Formal Study I. The two groups were treated in an ident 
Sr™r, except that subjects In the Experimental group *-ff 
natterns that were BO% redundant (schematic), wher^.s the patterns that 
thrsubjects in the Control group reproduced were redundant (non- 

schematic ) , 

Results. As indicated by Figure 3, the E^q^erimental group's per- 

""roduLfeo^lf S ^+ihree ^iroontras t , the 

Control group's performance actually worsened, with the group ^ 

of the cells (23.28% 

10 trials. The difference between the groups on the la. t 

statistically significant (t = 7.492, df - 38, p < .05). 
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Ejcperimental Group 
Control Group 
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•D^.-rnent cells correctlv reproduced on each of 

twenty ?rlals!”I“ch°St. point Is tho average ol twenty 

subjects. 
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CONCLUSIONS 



The pilot st'- - and Formal Study I indicate that subjects with 
IQ’s above about 4 ^ were capable of performing above chance on the 
pattern reproduction task. Further refinements of techniques may be 
necessary if subjects with IQ’s below 46 are to perform the task. How- 
ever, since the project was directed toward mildly retaraed childien, 
all of whom had IQ’s of 52 or higher, it appeared that the task was 
appropriate and could be used In subsequent project activitxes. 

Contrary to initial expectations, the subjects were capable of 
processing information from matrices of considerable complexity. On 
the basis of the results, it anpearcd that of the matrices tested, the 
6x6 matrices were most suitable for further use. The subjects per- 
formed above chance on the 6x6 matrices, but their level of pe^-for 
mance was sufficiently poor as to allow for considerable improvement. 

An iinexpected finding was that the niimber of cells retained by the 
subjects was not significantly affected by the total number of cells 
within the natterns. This indicates 1;hat when the subjects’ information 
channels became overloaded there ras not a decrease in the actual amount 
of information the subjects processed, only in the percent of informa- 
tion processed. 

Tlie pilot study and Formal Study I also indicate ttot visual chpinel 
. capacity may be related to intej.liger.c 0 level, and particularly to the 
verbal comuonento of .intelligence. However, these correlations must be 
interpreted with caution since some subjects’ IQ's were measured by the 
Stanf'ord-Binet and others with the WISC, and these tests are not comple- 



tely intarcliangeable • Moreover^ sin 



the range of was relatively 
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restricted, correlations would tend to differ if subjects with mo e 
heterogeneous IQ’s were sampled. Ir. addition, it must Be noted 
of the subjects were male. Nevertheaess, the data suggest that the pat- 
tern reproduction task taps skills i>hat are significantly related to 
those skills measured by IQ tests. Therefore, the task holds some pro- 
mi.se as a diagnostic tool. 

An by product of th€ pilot study and Formal Study I ^ 

that materials were developed which can be used in subsequent SCF studies 

with retarded children* 

Formal Study II demonstrated that mildly retarded subjects are 
capable of abstracting schemata without exposes to the 
without external feedback. Having the capacity to abstract s^he^ta, 
using only the information contained m the 

tain that mildly retarded subjects are also capable of SCP and of learn 
ing how to learn" sehemta. 

It is concluded that the project was successful in accomplishing its 
stated objectives! (l) to develop 

studying schema learning in mildly retarded children, and (2) demonstrating 
scheL learning in mildly retarded children in the absence ^!d bv th^ 
guidance. Generalisations from the studies 

characteristics of the sample, the possible peculiarities of the pattern 
’ employed, aod the relatively high redundancy levela of the patterns. 



BECOlfl'IENDATIONS 



It is recommended that studies be undertaken to establish if mildly 
retarded subjects are capable of SCF, and if they are able to "learn hov; 
to learn" schemata. As noted earlier. If these subjects have these ^ 
capacities, then they can benefit from their everyday interaction with the 
environment, even without a teacher to provide external guidance. Moreover, 
training these subjects to "learn how to learn" schemata may directly Im- ■ 
prove their learning of other skills. Therefore, it is also recommended 
that studies be conducted to determine which skills correlate with the 
ability to abstract and utilize schemata, V/hen these skills arc identified, 
it should then be determined if special training in schema abstraction re- 
sid,ts in an improvement in these other skills . 

Additionally, studies should be undertaken to determine the extent 
to which the present findings can be generalized, employing different types 
of natterns, tasks other than reproduction, and lower degrees of redxmdancy. 
Eventually, cross-modal transfer should be studied (e.g, from visiial to 
atiditory). Ecological studies would also be called for in order to deter- 
mine if subjects utilize this new encoding principle in imsupervised 
situations • 

The present studies indicate that the patterns employed cannot be 
readily used with subjects who have IQ*s less than about 46, However, 
additional studies will be necessary in order to determine at what IQ 
level (if any) that retarded children are incapable of schema learning 
when other patterns or tasks are involved. 
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